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Introduction {#sec001}
============

Self-esteem is one of the oldest and most widely studied constructs in psychology \[[@pone.0200604.ref001], [@pone.0200604.ref002]\]. It refers to the degree to which people value and accept themselves, and reflect their attitude towards their own person \[[@pone.0200604.ref003]\]. High self-esteem (HSE) implies self-respect, and low self-esteem (LSE) implies self-dissatisfaction or self-contempt \[[@pone.0200604.ref003]--[@pone.0200604.ref005]\]. Therefore, it might be expected that self-esteem will affect the way people process information about themselves.

Studies on the neural basis of self-referential processing in individuals with LSE and HSE can generally be split into two separate lines of research. The first investigated the processing of self-relevant information in the social functioning context, i.e. in relation to rejection cues and negative feedback from others (e.g. \[[@pone.0200604.ref006]--[@pone.0200604.ref011]\]). The other group of studies investigated self-referential processing in LSE and HSE groups 'in isolation', without any social context, using either an implicit or explicit approach (i.e. either indirectly or directly, respectively). The implicit processing of self-relevant information was assessed \[[@pone.0200604.ref012]\] while individuals with LSE and HSE completed the implicit association test \[[@pone.0200604.ref013]\] or while participants were engaged in a task that required a color judgment of personality traits, and the self-relevance of those traits was checked afterwards \[[@pone.0200604.ref014], [@pone.0200604.ref015]\]. However, only two studies have investigated the impact of self-esteem on the neural correlates associated with the process of explicit self-evaluation and self-reflection \[[@pone.0200604.ref016], [@pone.0200604.ref017]\].

First, in a functional magnetic imaging (fMRI) study, participants were asked to evaluate whether a given statement is true of them or of an acquaintance of theirs \[[@pone.0200604.ref016]\]. A significantly higher activation of the anterior cingulate gyrus, one of the rejection-related neural regions \[[@pone.0200604.ref007]\], was found in the "self" condition in comparison to the other condition. Crucially, a negative correlation between self-esteem and levels of activation was observed, suggesting that the process of self-evaluation in individuals with LSE relies to a greater extent on mechanisms activated when evaluating-feedback from others. Second, in an event-related potential (ERP) study, individuals with LSE and HSE were required to judge whether personality-trait adjectives accurately described their own person \[[@pone.0200604.ref017]\]. The recruitment of attentional resources was faster in the LSE group for the processing of highly self-descriptive negative adjectives, as revealed by shorter latencies of the early ERP component P2. This indicates that individuals with LSE pay more attention and are more sensitive to negative information referring to their own person. In both LSE and HSE groups, highly self-descriptive traits evoked enhanced amplitudes of the late positive ERP component (LPC), but LPC amplitude did not differ between groups \[[@pone.0200604.ref017]\]. However, a main caveat of the Zhang et al.'s \[[@pone.0200604.ref017]\] study was that a standard control condition (i.e. the other person), commonly used in studies investigating self-referential processing (e.g. \[[@pone.0200604.ref011], [@pone.0200604.ref016]\]), was missing.

The studies by Yang et al. \[[@pone.0200604.ref016]\] and Zhang et al. \[[@pone.0200604.ref017]\] suggest that self-esteem modulates brain activity associated with explicit self-reflection. To provide further evidence in support of this notion we investigated the ERP correlates of explicit self-evaluation of personality-trait adjectives in individuals with high and low self-esteem. The control conditions in our experiment involved performing the same task with respect to a close-other and a famous person. While both the close-other and a famous person are familiar to the subject, they differ in respect of their personal relevance to the participants: a famous person is distant and not personally known (not personally relevant), and the close-other is one of the most significant person for the participant (personally relevant). Thus, including both conditions allows addressing whether plausible differences between the self and the other were influenced by the factor of personal relevance.

The self-preference effect has been observed in numerous studies involving different types of stimuli referring to one's own person (e.g. \[[@pone.0200604.ref018]--[@pone.0200604.ref021]\]). In the current study, the self-preference effect is operationalized as the difference between amplitudes of ERP component associated with the evaluation of words in reference to oneself and in reference to other people. We focused on LPC, a late positive ERP component with latency over 500 ms and a frontal-central distribution. Specifically, the difference between amplitudes of the LPC, which reflects the different extent to which participants engaged in the reflection process regarding oneself or other people, can be considered as a marker of the preference in this kind of processing. Therefore, a larger difference between the self vs. other condition would imply a higher self-preference effect.

LPC is typically analyzed in studies on self-reflection \[[@pone.0200604.ref017], [@pone.0200604.ref021]--[@pone.0200604.ref024]\], and there is strong evidence indicating significantly enhanced LPC amplitudes when self-related information is processed \[[@pone.0200604.ref021]\]. We hypothesize that LPC amplitude is modulated by the level of self-esteem, i.e. that individuals with HSE exhibit higher LPC responses to trait adjectives judged as self-referential than individuals with LSE. This supposition is based on Yang et al.'s study \[[@pone.0200604.ref015]\] on implicit processing of self-related trait adjectives, showing that higher self-esteem level is related to stronger activation of the dorsal medial prefrontal cortex, a brain region highly implicated in self-referential processing \[[@pone.0200604.ref025]\]. Moreover, we expected that differences in LPC amplitudes between the self and other person conditions (close-other, a famous person) would be more pronounced in individuals with HSE than in individuals with LSE.

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

Forty participants were selected based on their self-esteem score, as measured by the Rosenberg questionnaire \[[@pone.0200604.ref003]\]. This questionnaire assesses a person's overall evaluation of his or her self-worth. This scale is made up of 10 items such as 'On the whole, I am satisfied with myself' or 'I wish I could have more respect for myself' and is coded on a 4-point scale ranging from 1 (strongly disagree) to 4 (strongly agree), with the negative items needing to be reverse scored. Based on the Polish standardization of the aforementioned test, participants placed below the 12^th^ percentile were assigned to the low self-esteem group (LSE) and participants placed above the 88^th^ percentile were assigned to the high self-esteem group (HSE). Two participants were excluded from the analysis because of a severe artefact contamination (more than 50% of trials did not pass artefact rejection criteria). Rosenberg scale scores (M ± SD) of the LSE group (n = 18) and HSE group (n = 20) were 21.39 ± 2.03 and 37.70 ± 1.63, respectively. Thirty-five participants were right-handed and three left-handed (as assessed by The Edinburg Inventory \[[@pone.0200604.ref026]\]). The mean age of the sample was 27.76 ± 3.21 years. All participants reported no history of neurological or psychiatric disorders (subject self-report) and had normal or corrected-to-normal vision.

This study was approved by the local Ethics Committee (University of Social Sciences and Humanities, Warsaw, Poland) and all of the participants gave written informed consent prior to the experiment.

Stimuli {#sec004}
-------

The set of stimuli consisted of 150 adjectives representing personality traits. The adjectives were adapted from Anderson's List of Personality-Trait Words in English \[[@pone.0200604.ref027]\] and translated into Polish. Due to the specific characteristics of the ERP method (segmentation of EEG data typically involves a 1000 ms time-period and is based on the precise timing of stimuli onsets), single words were more suitable for the current study than short sentences \[[@pone.0200604.ref016]\]. Short sentences--in comparison to single words--require more time to be read, comprehended and assessed in relation to the target of reflection, and that time may substantially vary across participants.

The adjectives were divided into three lists and assigned to three experimental conditions: SELF, CLOSE, and FAMOUS. Each list comprised 50 adjectives (20 positive, 20 negative and 10 neutral), and their emotional content was balanced so that all three had mean emotional values near zero. The list contents were also randomized and balanced with respect to word length (i.e. number of letters) and valence.

Procedure {#sec005}
---------

Three different conditions were introduced: SELF, CLOSE and FAMOUS. Similarly to our previous studies \[[@pone.0200604.ref028]--[@pone.0200604.ref031]\], we did not define who should be chosen as a close person to avoid a situation when this particular person (e.g. a specific family member) was not considered close by some participants. The only restriction was that the chosen close person had to have the same gender as the participant. Thus, prior to the experiment, participants were asked to choose a person who was currently (at the time of the experiment) the most significant to them, describe their relationship using The Inclusion of Other in the Self scale (IOS) (M = 5.29; SD = 1.27; min = 3; max = 7), and report on the length of the relationship (M = 18.87; SD = 10.11; min = 3; max = 34). Twenty-two participants chose a family member and sixteen participants chose their friend as the close-other. In the FAMOUS condition, participants were asked to select a famous person from a list of 18 famous Polish actors, actresses, musicians and celebrities (the list contained 9 famous men and 9 famous women). Participants were asked to choose a famous person of the same gender who they were most familiar with. Gender restrictions were introduced in order to avoid the different grammatical forms of adjectives used to describe males and females in Polish.

Trait adjectives were presented centrally on a Flex Scan EV-2450 (Hakusan, Ishikawa, Japan) monitor. Words were displayed with white letters against a black background, with a stimuli size ranging from 3° x 1° to 11° x 1°. Presentation software (Neurobehavioral System, Albany, CA, USA) was used for stimuli presentation and response logging.

Participants were seated in an acoustically shielded dark room at a distance of 50 cm from the screen. The experiment consisted of three blocks (SELF, CLOSE and FAMOUS), the order of which was randomized among subjects. During each block, participants were asked to judge whether a given adjective characterized a person specified in the instruction displayed at the beginning of the block. Subjects responded by pressing one of two buttons on a Cedrus response pad (RB-830, San Pedro, USA), using the index and middle fingers of the right hand to press keys. Key assignment to 'yes' and 'no responses was counterbalanced across subjects.

The experiment started with a detailed instruction explaining the experimental procedure to the participant. Each block was preceded by a short instruction specifying the person whose personal features would be judged in a given block. A single experimental trial consisted of the following sequence of events: white fixation cross presented for 250 ms, black screen visible for 750 ms, an adjective presented for 2000 ms, followed by a black screen displayed for 1500 ms. Participants were asked to respond either when the word was presented or when the black screen was displayed.

EEG recording {#sec006}
-------------

EEG was recorded from 62 electrically shielded scalp electrodes and two additional electrodes placed on the left and right earlobes. A 128-channel amplifier (Quick Amp, Brain Products, Enschede, the Netherlands) and BrainVisionRecorder software (Brain Products, Gilching, Germany) were used to collect EEG signal. Ag/AgCl electrodes were mounted on an elastic cap (ActiCAP, Munich, Germany) according to the extended 10--20 system. Electrode impedances were kept below 5 kΩ. The sampling rate was 500 Hz.

Behavioural data analysis {#sec007}
-------------------------

The number of yes/no responses and reaction times (RT) were analysed. Responses were scored as yes-responses and no-responses if the appropriate button was pressed within 0--3500 ms after the stimulus onset. If the participant pressed more than one button in a trial, the first response was taken into analyses. RTs were averaged separately across yes-response and no-response trials.

A mixed model repeated measures ANOVA was conducted on the mean number of 'yes' responses with 'condition' (SELF, CLOSE, FAMOUS) as the within-subject factor and 'group' (LSE, HSE) as the between-subject factor.

Mean reaction times (RTs) for yes/no responses were analysed using a mixed model repeated measures ANOVA with within-subject factors of 'condition' (SELF, CLOSE, FAMOUS) and 'type of response' (yes, no), and with 'group' (LSE, HSE) as the between-subject factor. Bonferroni correction for multiple comparisons was applied to the post hoc analyses. The analyses were conducted in IBM SPSS Statistics 21 Advanced Model.

ERP analysis {#sec008}
------------

The ERP analysis was performed using BrainVisionAnalyzer^®^ software (Brain Products, Gilching, Germany). EEG data were re-referenced to the algebraic average of the signal recorded from the left and right earlobes. This step was done to enable direct comparisons between findings of the current and previously published studies that investigated the self-referential processing, analyzed LPC, and used such reference \[[@pone.0200604.ref012], [@pone.0200604.ref017], [@pone.0200604.ref021], [@pone.0200604.ref023]\]. Then Butterworth zero phase filters were implemented: high pass-- 1 Hz, 12 dB/oct, low pass-- 30 Hz, 24 dB/oct, and notch filter-- 50 Hz. Correction of ocular artefacts was performed using Independent Component Analysis--ICA. Eye blinks and movements were rejected based on the visual inspection of the components. The EEG data were then segmented into 2 second long epochs with respect to the stimulus onset (-500, 1500 ms). An automatic artefact rejection procedure allowed for maximal permitted amplitudes between -50 and 50 mV. The maximal permitted voltage step per sampling point was 50 μV, and the maximal allowed difference of values in an interval of 200 ms was 100 μV. The lowest allowed activity in an interval of 100 ms was 0.5 μV. Only 'yes' responses trials were chosen for further analysis. This was done since confirmatory responses indicated that a given word was suitable for the description of a target of reflection (SELF, CLOSE, FAMOUS). The averaging and baseline correction procedures were applied only to them. This was done separately for each condition. The mean number of segments used to compute ERPs did not differ between conditions: SELF: 26.11 ± 5.05, CLOSE: 21.26 ± 3.92, FAMOUS: 21.95 ± 4.82. In order to visualize the self-preference effect, two differential waves were calculated: SELF-CLOSE and SELF-FAMOUS.

Selection of electrodes for analyses has to be orthogonal to potential differences between experimental conditions \[[@pone.0200604.ref032]\]. Thus, such selection has to be done on the basis of the topographical distribution of brain activity (in the time window corresponding to a given component), averaged across conditions of interest (i.e. LSE and HSE groups; experimental conditions: SELF, CLOSE, FAMOUS). The topographical map of activity, for all experimental conditions and the two groups collapsed together, clearly showed two clusters of activation in the time window corresponding to LPC (i.e. 500--800 ms): a frontal one and a parietal one (see [Fig 1C](#pone.0200604.g001){ref-type="fig"}). ERPs at those two regions (averaged across the LSE and HSE groups and 4 electrodes within the maxima of activity) clearly indicated that only at the frontal region, experimental conditions modulated LPC amplitudes (see [Fig 1A and 1B](#pone.0200604.g001){ref-type="fig"}). Therefore, LPCs at electrodes within the frontal region were further analyzed.

![Grand-averaged ERPs for the LSE and HSE groups collapsed together.\
(A) The frontal region (pooled AFz, Fz, AF4, F2) and (B) parietal region (pooled Pz, POz, PO3, PO4). (C) Topographical distribution of brain activity averaged across the LSE and HSE groups as well as the SELF, CLOSE, and FAMOUS conditions.](pone.0200604.g001){#pone.0200604.g001}

For analyses, the electrodes AFz, AF4, Fz, and F2 within the frontal region were selected and pooled. This step is justified by the limited spatial resolution of EEG and high correlation between neighboring electrodes. The selection of electrodes was based on two criteria: (1) topographical distribution of brain activity averaged across the LSE and HSE groups as well as the SELF, CLOSE, and FAMOUS conditions ([Fig 1C](#pone.0200604.g001){ref-type="fig"}) and (2) the topographical distribution of activity for differential waves, collapsed for two groups together (LSE, HSE) in the 500--800 ms time window ([Fig 2B](#pone.0200604.g002){ref-type="fig"}). For each experimental condition, the mean amplitude in the 500--800 ms time window was calculated.

![Grand average ERPs and scalp topographies.\
(A) ERPs in SELF, CLOSE and FAMOUS conditions in HSE (panel A left) and LSE groups (panel A right) pooled over AFz, AF4, Fz, and F2 electrodes. (B) Scalp topographies of difference waves for SELF-CLOSE (upper panel B) and SELF-FAMOUS (lower panel B) conditions for both groups collapsed together. Maximal activity was in the right fronto-central region. (C) Scalp topographies of brain activity recorded in the SELF condition averaged over the LSE and HSE groups. Maximal activity in the region of interest was in the 650--700 ms time window. (D) Grand average ERPs in the SELF condition in both groups. Significant inter-group differences were observed in the 650--700 ms time window.](pone.0200604.g002){#pone.0200604.g002}

A mixed model repeated measures ANOVA was conducted on LPC amplitudes of 'yes' responses with the within-subject factor 'condition' (SELF, CLOSE, FAMOUS) and the between-subject factor 'group' (LSE, HSE). A similar analysis was performed on the mean amplitudes of differential waves in the 500--800 ms time window. In this case, ANOVA's within-subject 'condition' was defined as SELF-CLOSE and SELF-FAMOUS.

Based on topographical maps of the recorded brain activity distribution in the SELF condition (averaged over LSE and HSE groups), maximal activation was found in the 650--700 ms time window (see [Fig 2C](#pone.0200604.g002){ref-type="fig"}). Mean amplitude in this window was calculated for each condition, and repeated measures ANOVA was conducted with the within-subject factor 'condition' (SELF, CLOSE, FAMOUS) and between-subject factor 'group' (LSE, HSE). A similar analysis was conducted on mean amplitudes of the differential wave in this window, with the within-subject factor 'condition' (SELF-CLOSE, SELF-FAMOUS) and between-subject factor 'group'.

Bonferroni correction for multiple comparisons was applied to all post-hoc analyses. The analyses were conducted in IBM SPSS Statistics 21 Advanced Model.

Behavioural results {#sec009}
===================

'YES' responses {#sec010}
---------------

The mean numbers of 'yes' responses in each condition are presented separately for the LSE and HSE groups in [Fig 3A](#pone.0200604.g003){ref-type="fig"}. ANOVA with 'condition' as the within-subject factor and 'group' as the between-subject factor revealed a significant main effect of 'condition' (*F*(2,72) = 19.507; *p* \< 0.0001) and the 'group' factor reached a trend level (*F*(1,36) = 3.159; *p* = 0.081). Pairwise comparisons yielded significant differences between the number of 'yes' responses in the SELF condition vs CLOSE and FAMOUS conditions (*ps* \< 0.0001). Participants tended to respond 'yes' more often in the SELF condition than for other conditions (SELF: 27.53 ± 4.38; CLOSE: 22.74 ± 3.85; FAMOUS: 23.45 ± 4.17). The 'condition' x 'group' interaction was non-significant.

![Behavioural results.\
All data presented as the mean ± standard deviation (SD). (A) The number of YES responses in each group (LSE, HSE) for each experimental condition (SELF, CLOSE, FAMOUS). (B) RTs for 'yes' and 'no' responses for each condition (SELF, CLOSE, FAMOUS), averaged across the two groups. Significance level is indicated as follows: \*\*\*---*p* \< 0.001.](pone.0200604.g003){#pone.0200604.g003}

Reaction times {#sec011}
--------------

ANOVA conducted on mean RTs with 'condition' and 'type of response' as within-subject factors and 'group' as the between-subject factor yielded two significant interactions: 'type of response' x 'group' (*F*(1,36) = 7.360; *p* = 0.010) and 'condition' x 'type of response' (*F*(2,72) = 4.308; *p* = 0.017). Post hoc comparisons for 'type of response' x 'group' revealed that subjects with LSE had significantly longer RTs for 'no' (1349.64 ± 259.89 ms) than for 'yes' responses (1269.98 ± 220.73 ms). Post hoc tests for 'condition' x 'type of response' showed that mean RTs for 'yes' and 'no' responses in the SELF condition significantly differed--participants tended to answer 'yes' faster (see [Fig 3B](#pone.0200604.g003){ref-type="fig"}).

ERPs results {#sec012}
============

LPC in 500--800 ms time-window {#sec013}
------------------------------

Grand average ERPs for the LSE and HSE groups are presented in [Fig 2A](#pone.0200604.g002){ref-type="fig"}. Repeated measures ANOVA computed on mean amplitudes in the 500--800 ms time-window revealed a significant main effect of 'condition': *F*(2,72) = 10.597, *p* \< 0.0001. Post hoc comparisons indicated larger amplitudes in the SELF condition than in the CLOSE (*p* \< 0.0001) and FAMOUS conditions (*p* = 0.002). The 'group' factor was non-significant (*p* = 0.575), suggesting the similar level of activity in both groups. The 'group' x 'condition' was also non-significant.

ANOVA performed on the mean amplitudes of difference waves showed a trend-level significance of the 'group' factor: *F*(1,36) = 3.412; *p* = 0.073 (LSE: 0.335 ± 0.174 μV; HSE: 0.779 ± 0.165 μV). Other effects were non-significant. In addition, the correlation between mean amplitudes of SELF-CLOSE and SELF-FAMOUS difference waves was significant: *r*~*p*~ = 0.508, *p* = 0.001 (see [Fig 4](#pone.0200604.g004){ref-type="fig"}).

![Scatter plot of two measures of the self-preference effect---SELF-FAMOUS and SELF-CLOSE---for all subjects (from both LSE and HSE groups).\
Data were highly correlated (*r* = 0.508, *p* = 0.001).](pone.0200604.g004){#pone.0200604.g004}

LPC in 650--700 ms time-window {#sec014}
------------------------------

Repeated measures ANOVA performed on mean amplitudes in the 650--700 ms time window yielded a significant main effect of only 'condition': *F*(2,72) = 4.976, *p* = 0.009. Amplitudes were larger in the SELF condition than in the CLOSE (*p* = 0.009) and FAMOUS conditions (*p* = 0.044). The 'group' factor was non-significant (*p* = 0.222). Post hoc comparisons to the significant 'group' x 'condition' interaction (*F*(2,72) = 3.813, *p* = 0.027) revealed a statistically significant difference between the LSE and HSE groups for the SELF condition (*p* = 0.014), and non-significant differences for other conditions. The HSE group had a larger mean amplitude of LPC in this window than the LSE group (HSE: 1.824 ± 0.336; LSE: 0.560 ± 0.354).

ANOVA computed on mean amplitudes of the difference waves showed a significant main effect of 'group': *F*(1,36) = 9.863, *p* = 0.003 (LSE: 0.083 ± 0.280 μV; HSE: 1.294 ± 0.266 μV). The 'condition' factor (SELF-CLOSE, SELF-FAMOUS) and its interaction with 'group' were non-significant.

Discussion {#sec015}
==========

In the present ERP study, we investigated the impact of self-esteem on the amplitudes of LPC associated with explicit self-evaluation. We were interested in establishing a plausible link between self-esteem levels and the magnitude of the self-preference effect, defined in the case of our study as the difference between amplitudes of LPC associated with the evaluation of oneself and with evaluation of other people.

On the behavioral level, we found that individuals with LSE required significantly more time to decide that some adjectives were not adequate to characterize a given person (SELF, CLOSE, FAMOUS) in comparison to the time needed to judge them as suitable for the description of that person. In turn, there was no difference between reaction times for "yes" and "no" responses to adjectives in individuals with HSE. However, other effects were common for both groups. Both the LSE and HSE groups more often judged traits as self-descriptive than suitable to describe other people (close-other, famous). Moreover, both groups had significantly shorter RTs to self-descriptive adjectives than to non-self-descriptive adjectives. In general, the latter is in line with the findings of Grundy et al.'s study \[[@pone.0200604.ref012]\], which showed an analogous effect.

On the neural level, in both the HSE and LSE groups, we observed enhanced LPC amplitudes in the SELF condition in reference to the CLOSE and FAMOUS conditions. It was the case for both (broad, narrow) analyzed time-windows. This finding is in line with numerous studies showing the preferential processing of self-related information (e.g. \[[@pone.0200604.ref033]--[@pone.0200604.ref035]\]). Specifically, this effect was found for autobiographical information such as the participant's full name, date of birth, and hometown \[[@pone.0200604.ref036]\], self-face and self-name \[[@pone.0200604.ref018], [@pone.0200604.ref029], [@pone.0200604.ref037]--[@pone.0200604.ref041]\], and self-relevant personality trait words \[[@pone.0200604.ref021], [@pone.0200604.ref042], [@pone.0200604.ref043]\]. A converging line of ERP evidence indicates that this self-preference may occur at the early---P200 \[[@pone.0200604.ref040], [@pone.0200604.ref042], [@pone.0200604.ref043]\]---and late (P300, LPC) stages of information processing \[[@pone.0200604.ref021], [@pone.0200604.ref042], [@pone.0200604.ref043]\]. As far as the impact of self-esteem is concerned, previous studies have shown that self-esteem can modulate the neural correlates of self-referential processing at both stages. For instance, Chen et al. \[[@pone.0200604.ref044]\] showed larger P200 amplitudes for one's own name than for a close-other's name in the LSE group, whereas this P200 effect was not observed in the HSE group. Moreover, in the time window of 300--400 ms after stimulus onset, Grundy et al. showed an inter-group difference in the implicit self-referential processing: larger amplitudes for the me/negative pairing than the me/positive pairing were found only in the HSE group \[[@pone.0200604.ref012]\].

Another finding of the present study refers to the significant inter-group differences in amplitude of the LPC, which indicates the reflection process \[[@pone.0200604.ref021], [@pone.0200604.ref042], [@pone.0200604.ref043]\]. In the SELF condition, mean LPC amplitudes in the narrow time window were substantially higher in individuals with HSE than in individuals with LSE. This result corroborates the findings of an earlier implicit self-evaluation study \[[@pone.0200604.ref016]\], in which the level of brain activity associated with the processing of self-relevant words correlated positively with self-esteem levels (i.e. higher self-esteem related to higher activation). Similar inter-group effects were also previously observed for other types of self-relevant information. For instance, Oikawa et al. \[[@pone.0200604.ref045]\] identified the neural correlates of positive evaluation of the self-face and observed that activations of the posterior cingulate cortex (a part of the cortical midline structures associated with self-referential processing) correlated positively with levels of self-esteem.

It is worth noting that previous studies investigating the impact of self-esteem on self-evaluation reported negative findings when analyzing LPC \[[@pone.0200604.ref012], [@pone.0200604.ref017]\]. This discrepancy between the findings of those studies and the current one may be attributed to crucial procedural differences, namely the types of self-referential processing \[[@pone.0200604.ref012]\] and selection of LSE and HSE groups \[[@pone.0200604.ref017]\]. In Grundy et al.'s study \[[@pone.0200604.ref012]\] the process of self-evaluation was assessed in an indirect way, by the strength of association between the self-representation categories and other categories that have a positive or negative valence. Therefore, the findings of that study and of the present study substantially differ with respect to the activated processes: implicit vs. explicit self-evaluation. In Zhang et al.'s \[[@pone.0200604.ref017]\] study, participants were subdivided into LSE and HSE groups based on a mean split of the Rosenberg self-esteem scale scores (levels of self-esteem in both groups were not provided in their description of experimental procedures). In contrast, we tested individuals with very low (21.39) and very high (37.70) levels of self-esteem that were established on the basis of Rosenberg's self-esteem scale \[[@pone.0200604.ref003]\]. We think that this approach unraveled the inter-group differences in LPC responses associated with the explicit evaluation of words referring to personal characteristics.

In the current study the self-preference effect, defined as the difference between amplitudes of LPC associated with the evaluation of words in reference to oneself and in reference to other people, was significantly higher in the HSE group than in the LSE group. However, it was similar for SELF--CLOSE and SELF--FAMOUS conditions in both groups. Therefore, personal relevance did not influence the self-preference effect, probably due to the fact that LPC to FAMOUS and CLOSE conditions did not significantly differ. In fact, both measures of the self-preference effect were highly correlated (see [Fig 4](#pone.0200604.g004){ref-type="fig"}). The lack of differences between CLOSE and FAMOUS conditions may suggest that members of both LSE and HSE groups were more focused on thinking about their own person (i.e. they were self-focused), and the process of evaluation in the case of the two control conditions engaged them to a similar extent. This is in contrast to findings of studies, including our own previous investigations, that typically showed the following pattern of ERP results: amplitudes of late ERP components (P300, LPC) were highest in the SELF condition, lowest in the FAMOUS condition, and somewhere in between for the CLOSE condition (e.g. \[[@pone.0200604.ref021], [@pone.0200604.ref030], [@pone.0200604.ref038], [@pone.0200604.ref040]\]). This discrepancy may be attributed to methodological differences and specific requirements of the current study. However, it should be noted that none of those studies investigated the modulatory effects of self-esteem on self-preferential processing.

Limitations of the current study are as follows. We had a relatively low number of trials; increased number of trials would allow us to compare ERP responses to positive and negative adjectives separately and to investigate the positivity bias, i.e. a pervasive tendency for people to rate positive traits as being truer of themselves than negative traits \[[@pone.0200604.ref046]\]. Previous studies reported, for instance, that the level of self-esteem was positively correlated with a self-positivity score, i.e. the number of positive words judged as self-relevant and the number of negative words judged as not self-relevant \[[@pone.0200604.ref017]\]. In a similar vein, people with positive self-views are more likely to show self-positivity than those with negative self-views \[[@pone.0200604.ref047]\]. Suls et al. \[[@pone.0200604.ref048]\], however, reported that all people--regardless of their self-esteem level--evaluate positive traits as highly self-descriptive and that only evaluation of negative traits differs with self-esteem. Specifically, as self-esteem level increased, the difference between ratings of positive and negative traits become larger, with high self-esteem participants claiming more positive attributes and fewer negative attributes than did moderate and low self-esteem participants \[[@pone.0200604.ref048]\]. Thus, with a higher number of trials, it would be possible to view the ERP results in relation to previous studies that focused on negative vs. positive traits evaluated as self-descriptive or not self-descriptive \[[@pone.0200604.ref021], [@pone.0200604.ref047], [@pone.0200604.ref049]\]. Moreover, we speculate that the prolonged time of stimuli presentation disturbed the emergence of clear and reliable early ERP components. This is why we did not analyze P200, i.e. an ERP component that was previously reported as being sensitive to self-esteem levels while processing self-referential information \[[@pone.0200604.ref012], [@pone.0200604.ref017]\].

In conclusion, we found that the process of self-evaluation, investigated without any feedback from the external social environment, was associated with substantially increased amplitudes of LPC in individuals with high levels of esteem compared to individuals with low levels of self-esteem. The self-preference effect, i.e. a difference between amplitudes of LPC associated with the evaluation of words in relation to oneself vs. other people (the close-other, a famous person) was not influenced by the personal relevance of the control condition and was also stronger in the HSE group. Therefore, our findings suggest that people with high levels of self-esteem engage to the higher extent in the self-referential processing.
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